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Figure S1. (a) LUMO levels of (200) surface of a-CsPbl;. Also shown is (b) the result of (100)
LUMO levels for comparison.
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Figure S2 Differential charge density profile of pristine (a) CsPbl; surface and (b) K doped CsPbl;
surface. The iso-surface value is set to 0.00025 e/A3.
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Figure S3. PDOS of (100) and (200) surfaces with and without Rb/K incorporation. (a)-(c) reveal

PDOS simulation of pristine (100), 6% Rb doped (100) and 6% K doped (100) while (d)-(f) reveals

PDOS simulation of pristine (200), 6% Rb doped (200) and 6% K doped (200), respectively. Except

a slight decrease of bandgap, there are no apparent differences after Rb/K incorporation, which

indicates the feasibility of moderate incorporation of rubidium and potassium. (g)-(j) represent 12%
Rb doped (100), 12% K doped (100), 12% Rb doped (200) and 12% K doped (200), respectively,

explaining the Rb/K induced further decrease of bandgap but they still maintain original electronic

structures as pristine (100) and (200).
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Figure S4. Contour map of (a) surface energies and (b) dipole moments of (200) surfaces with
different Rb/K doping concentration. They share similar changing pattern with that of (100) surface,
suggesting the alleviation of polarization and surface tension after doping rubidium or potassium on

both surfaces
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Figure S5. Contour plot of adsorption energy on (100) and (200) surface of CsPbl;. There is only
one local minimum seen around Cs of (100) or octahedral void of (200), explaining why all

migration paths start from the same site. (Dark gray: lead; purple: iodine; green: cesium.)
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Figure S6. (a) Energy profiles of the first penetration from (b) to (c) during the water transportation
through (200) surface.
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Figure S7. Potential energy profiles of the H,O migration between internal voids. (a) The calculated
energy barrier of penetration from (b) tetrahedral voids to (c) octahedral voids is about 0.5 eV. Such
a low barrier further proves that it is of vital significance to improve barrier of surface penetration
which is seen as the first insurance of a-phase stability.
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Figure S8. Charge evolution on H and O atom in water molecule for penetration process on (a)

(001) and (b) (002) surfaces, respectively.
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Figure S9. Partial density of state (PDOS) for (a) Rb doped (001) surface, (b) Rb doped (002)
surface, (c) K doped (001) surface and (d) K doped (002) surface respectively, where the left

window denotes initial states (IS) and the right window exhibits transition stages (TS). All of these
PDOS indicate that the strong H-O bonding states ~ -8eV are weakened at the transition stage of
water penetration process, thus leading to high energy barrier. (PDOS for pristine (001) and (002)

surface are presented in Figure 3 (c) and (d))
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Figure S10. XPS spectra of perovskite with and without Rb/K incorporation for Pb 4f
electron, I 3d electron and Cs 3d electron.



Figure S11. EDS mappings of (a) lead, (b) iodine, (c) cesium, (d) potassium and (e) rubidium.
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Figure S12. SEM images of (a) Csg gsRby.1oPbl; and (b) Cs 55K 12Pbl; with increased pin-holes and
deteriorated crystallinity.
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Figure S13. (a) Complete XPS spectra and (b) local K 2p Scan of the surface layer of Csg 9K ¢sPbl;

for element analysis. (c) Top view image and (d) HRTEM image of corresponding film are also
revealed for comparison with pristine CsPbl; films.
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Figure S14. TG curve of CsPbl;, Csj9,Rbg gsPbl; and Csg 9K 0sPbl; from room temperature to 360
°C.



Table S1. Surface energies and binding energies of different surfaces of a-CsPbI3. (100), (200)
reveal much lower surface energies and binding energies than (110), (220) and (111), which matches
the results from electronic structure simulation and further provides proof for the stable nature of
(100) and (200). It is expected that Eg~2E,t, where Eq,¢is the surface energy and Ej is the binding
energy between layers as demonstrated in the computational details.

Surfaces (100) (200) (110) (220) (111)
Surface Energy / erg-cm-! 89.57 108.12 411.13 385.01 320.10
Binding Energy / erg-cm-! 179.14 216.23 820.31 770.03 640.22




Table S2. Calculated lattice constant of cubic CsPbl; with different Rb/K doping concentration,
showing the contracted lattice volume after doping

0 4% 8% 12%

Rb 6.38 A 6.37 A 6.36 A 6.29 A
K 6.38 A 6.36 A 6.34 A 6.28 A




Table S3. Bader charge data and definite charge on each atom in the surface layer of (100) and
(200), revealing the alleviated charge shift caused by the weaker polarizability of Rb/K.

(100) CsPbl; Cso.92Rbg.0sPblI3 Cs.9:Ko.08Pbl3
Atom Cs Pb I Rb Pb I K Pb I
Bader charge 8.11 3.11 7.59 8.14 3.10 7.57 8.16 3.10 7.56
charge +0.89 +0.89 -0.59 +0.86 +0.90 -0.57 +0.84 +090 -0.56
(200) CsPbl; Cso.92Rbg.0sPbI3 Cs.9:Ko.08PblI3
Atom Cs Pb | Rb Pb 1 K Pb I
Bader charge 8.21 3.08 7.56 823  3.09 7.55 8.24 3.08 7.55
charge +0.79 +0.88 -0.56 +0.77 +0.89 -0.55 +0.76 +0.88 -0.55




Table S4. Pb-1 bond length and I-Pb-I bond angle data before and after water incursion of
different surfaces. The bond length is the average of four Pb-I bond nearest to the water molecule
while bond angle is also averaged according to two nearest increasing angles.

Cs3Pbl; Cs0.92Rbo.0sPbI3 Cs0.92K0.08Pb13
stage initial polarized initial polarized initial  polarized
Pb-I length/ A 3.191 3.273 3.191 3.259 3.191 3.253

I-Pb-I angle/degree 90 101.3 90 97.76 90 97.26




Table SS. Structural information of water molecule at different diffusion stages. (TS denotes

transition states)

CsPbl;

Csy.02Rby gsPbI;3 Cs0.0:Kg.0sPbI3

Initial TS

O-H Bond

1.005 1.037
length/ A
H-O-H Bond

95.5 106

angle/°

Final Initial TS Final

0989 0997 1.058 1.012

102.2 103 108.2 104.6




Table S6. Proportion of different elements in surface layer of Csg 9,K¢ 0gPbls according to XPS
analysis.

Atom Cs Pb I K Stoichimetry

Precursor 18.4 20 60 1.6 CSo'gzKovogpr:’,

Surface layer 12.16 13.35 42.25 4.34 CSO_9]K0'33PbI3'23




